Abstract
Introduction
Plants are always under threat due to various biotic and abiotic stresses. Dust from quarry mining activities have been noted to not only cause air pollution in terms of deposition on surfaces and possible health effect but can also have physical effect on the surrounding plants by blocking and damaging their internal structure, abrasion of leaves and cuticles which may affect long term survival of plants (Lameed and Ayodele, 2010) . Iqbal and Shafig, (2001) reported that dust from quarry mining sites are known to cause vegetation injury, crop yield loss, reduction in plant cover, height and number of leaves. Plants are affected when these tailings settle on leaves surface, it impedes respiration and photosynthesis and thus become a threat to the survival of plants in mining areas (Wang, 2007) . In Ishiagu, Southeastern Nigeria, quarry; lead and zinc mining have been going on for over fifty years 887 and in recent times their exploration have been intensified with attendant problems un-addressed (Obiekezie et al.,2006; Nwaugo et al., 2007b; Ogbonna et al., 2013; Akubugwo et al., 2015) . These quarry mining industries discharge dust and effluent which settles not only on land, plants and trees but also on surface waters used for drinking and other domestic chores by the rural dwellers (Osha, 2006) . In view of this, there is need to determine the impact of these mining effluents discharge on plant growth and phytoconstituents as the inhabitants are mainly farmers producing farm products not only for local consumption but for food supply to other parts of the country.
Study Area
Ishiagu the study area is a community where lead/zinc mine and quarry mining is the major industrial activities. The major economic activity in the study area is mainly mining and agriculture where farm products like cassava, vegetables, yam, cocoa yam and rice are produced. These crops and vegetables are produced not only for local consumption but for food supplies to other parts of Nigeria. Three different quarry mining effluent discharge soils were used for the study. The vegetables were planted in situ in dry and wet season. Plant growth parameters were measured according to the method described by Akonye and Nwauzoma (2003) while phytochemical composition such as flavonoid, carotenoid, Phenolic compounds and Lignin were determined using GC-Fid as described by AOAC (2009).
Data Analysis
Data collected were subjected to statistical analysis using One Way Analysis of Variance (ANOVA) and ttest statistic. Values are mean of triplicate determination ± standard deviation. The mean of the samples were compared to control using ANOVA while mean of the two seasons were compared using student t-test. The individual mean differences were ascertained using Least Significant Difference (LSD) as described by Onuh and Igwemma, (2000) . The student package for social sciences (SPSS) version 20 computer software was used for the analysis. Plant growth and development are affected by the conditions of the growing environment. Accumulation of toxic metals in plant cell results in various deficiencies such as reduction in cell activities and inhibition of plant growth . They also result in chlorosis, reduced water and nutrient intake and damage root tips (Irum et al., 2013) . Findings from the study (Figures 2-4) showed a significant decrease in plant growth parameters such as plant internodes, leaf area, collar diameter and plant height of vegetables grown in quarry mining effluent discharge soils compared to control (P<0.05). This reduction in plant growth could be due to the effect of high trace metals content in soil reported by (Osuocha et al., 2016) , nutrient uptake and distribution within the plant cell or could be attributed to unavailability of nutrients due to increased level of trace metals in the mining sites thus inducing stress. Similar decrease in plant growth in metal contaminated sites has been reported on Cucumis sativus (Abu-Muriefah, 2008), on Lemna polyrrhiza (John et al., 2008) , on Glycyrrhiza uralensis (Zheng et al., 2010) and on Veronica anagallis (Fazal et al., 2014) . Non essential trace metals such as cadmium, chromium and lead have been reported to cause significant decrease in plant growth parameters (Raifa and Hanan, 2013; Abdussalam et al., 2015) . According to Sandalio et al., (2005) reduction in plant growth by trace metals induced toxicity could be the direct consequence of decreased uptake of nutrient elements, inhibition of various enzyme activities, and induction of oxidative stress including alterations in enzymes of the antioxidant defense system. Pritesh et al. (2013) reported that decreases in plant growth are due to irregular cell division. Similar findings have been reported by Osuocha et al. (2016) that elevated concentration of both essential and non essential trace metals in plants can lead to toxicity symptoms and plant growth inhibition. Osuocha et al. (2016) also noted that plants growing on soils with high metal concentration exhibit characteristics of unhealthy growth. Findings from the study showed a significant increase in plant growth parameters in wet season compared to dry season (P<0.05). This could be attributed to reduced level of trace metals in soil as reported by Osuocha et al. (2016) . Significant decrease in plant growth parameters were recorded in crush rock quarry mining site in wet season compared to dry season (P<0.05). This could be attributed to influence of water flooding in the area which can cause a decline in plant growth. Wegner, (2010) noted that the first constraint for plant growth under flooding is the immediate lack of oxygen necessary to sustain aerobic respiration of submerged tissues. The decline in growth parameters of plants grown in quarry mining effluent discharge soil is an indication of oxidative stress caused by elevated amount of trace metals.
Results and Discussion
Chlorophyll is an essential component of photosynthesis present in chloroplast with porphyrin nucleus with a chelated magnesium atom at the centre. Chlorophyll is often measured in order to assess the impact of environmental stress since changes in the pigment are linked to visual symptoms of growth disorder and photosynthetic productivity. Results of the study showed a significant reduction in chlorophyll content of vegetables grown in quarry mining effluent discharge soils compared to control vegetables (P<0.05). Similar results have been reported in Radish, mung bean and lettuce (Baszynski et al., 1980), wheat (Mysliwa-Kurdziel and Strzalka, 2004) . The results also agreed with the report of Monni et al. (2001) that chlorophyll content in leaves of Empetrum nigrum (crowberry) growing close to copper and nickel smelter decreased significantly. Odjegba and Fasidi (2006) also reported reduction in chlorophyll content of Eichhornia crassipes.
The results indicates significant decrease in chlorophyll content of plants grown in crushrock quarry sites in wet season compared to other sites. This could be attributed to the water logged nature of the area under study as this can decrease Leaf chlorophyll content in plants due to reduced soil conditions
Results of the present study showed significant reduction in chlorophyll content of plants in dry season compared to wet season (P<0.05). This reduction in chlorophyll content of vegetables in dry season (Fig 6 -8 ) could be as a result of elevated level of trace metals in soil and dust deposition on plant leaves. Decreased chlorophyll content associated with increased trace metals may be due to inhibition of enzymes responsible for chlorophyll biosynthesis such asaminolevulinic acid dehydratase and protochlorophyllide reductase (Pritesh et al., 2013) , replacement of magnesium with heavy metal in chlorophyll structure (Kupper et al., 1998) , decrease in the source of essential metals that are involved in chlorophyll synthesis such as Fe 2+ and Zn 2+ (Kupper et al.,1996) , destruction of chloroplast membrane by lipid perioxidation due to increase in peroxidase activities and lack of antioxidant such as caroteniod (Prasad et al., 1999) . Dust deposition on leaf surfaces of these vegetables in dry season may also reduce the synthesis of chlorophyll due to shading effect. Dusts effects on vegetation may be connected with decrease in light available for photosynthesis, increase in leaf temperature due to changed surface optical properties, and interference with the diffusion of gases in and out of leaves.
Phytochemicals form part of the natural plant defense system against infection, microbial invasions and free radical generation and is one of the initial responses of plants to stress. Findings from this study showed an increase in the amount of phytochemicals in vegetables grown in quarry effluent discharge soils in relation to control (Table 1-11) .
Findings from the present study also showed an increase in the amount of phytochemicals in dry season in relation to wet season. This increase especially in phenolic compounds could be due to protective function of these compounds against increase in trace metal stress by metal chelation and ROS scavenging. This is in agreement with the findings of Pritesh et al. (2013) ; Abdussalam et al. (2015) who reported significant increase in phenolic compounds in vegetables treated with heavy metals. Many authors have reported induction of phenolic metabolism as a response of plants to metal stress (Hegazy et al., 2013) . Phenolic compounds are known to have strong antioxidant activity in plants growing under heavy metal stress. It has been suggested that their antioxidant act resides chiefly in their chemical structure. Theunissen et al. (2010) reported that phenolic compounds are known to be synthesized in response to various environmental stress such as nutritional stress, pest and diseases and temperature. Similarly, the induction of phenolic compound biosynthesis has been reported in wheat in response to nickel toxicity (Diaz et al., 2001) and in maize in response to aluminum (Winkel-Shirley, 2002) .
Flavoniod are important secondary plant metabolites that possess strong antioxidant activity due to their ability to scavenge reactive oxygen species and inhibit oxidative stress. The results showed an increase in flavonoid concentration of vegetables in dry season compared to wet season. These results were however higher than the controls. This could be due to increased heavy metal stress that triggers the biosynthesis of the flavonoids as flavonoids have been reported as efficient metal chelators (Brunetti et al., 2013) . Carotenoid content of the vegetables grown in quarry mining effluent discharge soils increased in dry season in relation to wet season. This increase could be due to increased metal stress as carotenoid has been reported to play important role in detoxification of ROS (Chandra et al., 2009) . Carotenoid increase in dry season could be due to its antioxidant role in protection of chlorophyll reduction under trace metal stress. Similar findings in carotenoid increase in plants under metal stress has also been reported by Hegazy et al. (2013) . This accumulation of carotenoid in these edible vegetables may be regarded as a mechanism to counter stress in plants. Pritesh et al. (2013) reported that at extreme high level of trace metals carotenoid content is degraded. Lignin content of the vegetables grown in the mining effluent discharge soils showed an increase in relation to control. This could also be due to increased metal stress in the sites which elicit lignin biosynthesis. Buchanan et al. (2000) reported that phenolics are the precursor of lignin hence increased phenolic content due to heavy metal stress is directly related to lignin biosynthesis. In view of these findings quarry mining effluent discharge impacted negatively on the growth of these edible vegetables. The increase in phytochemical constituents may have resulted in response to unfavourable environmental conditions. Hence there is need to carry out proper remediation of these sites so as to improve its quality and functionality for agricultural purposes.
